
Cn'.it Hasi.i Naturalist 50(1 1, mx). pp. H7-72

INFECTION OFYOUNGDOUGLAS-FIRSBY
DWARFMISTLETOE IN THESOUTHWEST

Rohcrt L. Mathiascn , Clarlcton B. luliiiiiistcr", and I'raiik ('.. Ilawkswortlr

Abstract. —Stuclies in several areas in Arizona and New Mexico show that dwarf mistletoe {Arcetithohium doug-

lasii) is rare in yonng Douglas-firs growing under infected overstories. Less than 5%of the Douglas-firs under 26 years

old and less than (Wc of those under 1.4 m tall were infected in 77 mistletoe-infested stands. Both percetit infection and

mean dwarf niistletoi- rating of young Douglas-firs increased as tree age, height, and stand dwarf mistletoe ratings

increased.

Douglas-fir dwarf nii.stletoe {ArceiitJiobium

(lou^Iasii Engelni.) is tlie most prevalent and

damaging disease agent in southwestern

mixed-conifer forests (Andrews and Daniels

1960, Hawksworth and Wiens 1972, Jones

1974). This parasitic flowering plant occurs

throughout the range of its principal host,

Douglas-fir {Pseudotsu^^a menzicsii [Mirb.]

Franco), in the Southwest. Andrews and
Daniels (1960) estimated that approximately

50% of the Southwest's Douglas-fir type was

infested by dwarf mistletoe.

Douglas-fir regeneration is a frequent com-
ponent of the understory of southwestern

mixed-conifer stands (Moir and Ludwig 1979,

Gottfried and Embry 1977, Fitzhugh et al.

1987). When overstories are infested with

dwarf mistletoe, spread to young and advance

regeneration perpetuates the infestation over

time. Therefore, management of mixed-

conifer forests should attempt to minimize the

infection of new and established regeneration

from alreadv infested overstories (Jones 1974,

Gottfried and Embry 1977).

Mathiasen (1986) summarized previous re-

search on this problem and the factors that

influence dwarf mistletoe infection; he also

provided some preliminary information on in-

fection of young Douglas-firs and spruces in

the Southwest. He found that little infection

of Douglas-fir occurs before saplings are 26

years old. Only 6% of the Douglas-firs he
sampled that were less than 26 years old were
infected, whereas infection of older Douglas-

fir reproduction averaged 83%. Mathiasen

(1986) also related infection of Douglas-firs

less than 26 years old to three factors affecting

infection ot young trees listed by Wicker
(1967). These included exposure time, over-

story inoculum levels, and sapling density.

During a study designed to collect growth

data for the development of a regeneration

model for southwestern mixed-conifer stands,

additional data on the infection of young
Douglas-firs were collected from 13 mistletoe-

infested stands in the White Mountains, Ari-

zona. These data were combined with the

original data collected by Mathiasen (1986),

and the results are reported here. In addition,

the entire data set was summarized using the

heights of sampled Douglas-firs because pre-

vious investigators have suggested that height

may be a critical factor influencing infection of

young trees bv dwarf mistletoes (Graham
i960, Hawksworth 1961, Childs 1963, Wicker
and Shaw 1967, Scharpf 1969).

Methods

During 1980-81 Douglas-fir regeneration

was sampled in 64 mistletoe-infested mixed-

conifer stands in four national forests in Ari-

zona and NewMexico. A total of 364 Douglas-

fir saplings were sampled for total age, height,

and height to live crown. In addition, each

Douglas-fir was examined for dwarf mistletoe

infection and assigned a dwarf mistletoe rating

(DMR) using the 6-class system (Hawksworth
1977). This rating system divides the live

crown of a tree into thirds, and each third is
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rated separately as: 0, no mistletoe infection;

1, less than 50% of live branches infected; 2,

more than 50% of live branches infected. The
ratings for each third are totaled to obtain the

DMRfor a tree. Mean stand DMRand mean
sapling DMRare calculated by adding the

DMRsfor all live overstory trees or saplings

and dividing by the total number of live trees

or saplings, respectively. Infection intensity is

defined here as the mean DMRof the over-

story or saplings in a stand.

Overstory data collected for the 1980-81

stands were from rectangular plots ranging

from 0.04 to 0.36 ha. For each live tree over

1.4 min height the species, diameter at breast

height (dbh) to the nearest 2.54 cm, DMR,
and crown class (dominant, co-dominant, in-

termediate, or suppressed) were recorded.

These data provided information on overstory

dwarf mistletoe infection intensity, species

composition, and stand structure.

In 1988 an additional 334 Douglas-fir sap-

lings were sampled in 13 mistletoe-infested,

mixed-conifer stands in the White Mountains,

Arizona. Data were collected as in 1980-81.

Overstory data collected were the same as in

1980-81 but 0.04-ha circular plots were used.

Stand dwarf mistletoe ratings were calcu-

lated using all live Douglas-firs greater than

2.54 cm dbh for 1980-81 plots and greater

than 5.08 cm dbh for 1988 plots. Sapling

crown ratios were calculated by subtracting

height to live crown from total height and then

dividing by total height. Percent infection and

mean DMRfor saplings were calculated by

five-year age classes and .3-m height classes

for each of three stand DMRclasses (0. 1-1.5,

1.6-3.0, and greater than 3.0). Sapling den-

sities were determined for the number of

Douglas-fir saplings in 0.04-ha circular sub-

plots nested in the center of larger plots in

each stand.

Results

Both the number of infected saplings (per-

cent infection) and infection intensitv (mean

DMR) increased as total age, total height, and

stand DMRincreased (Tables 1 and 2). No
mistletoe infection was found on saplings un-

der 21 years old in stands with a stand DMH
less than 3.0, and only five saplings under 21

years old were infected in stands with a stand

DMRgreater than 3.0 (Table 1). The five

infected saplings represent less than 4% of

saplings under 21 years old sampled. Infec-

tion of saplings less than 16 years old was only

2% in stands with a stand DMRgreater than

3.0. Also, very little infection of saplings less

than 26 years old was found (Table 1). Only
10%of saplings 21-25 years old were infected,

and all were in moderately infested (stand

DMR1.6-3.0) or severely infested stands

(stand DMRgreater than 3.0).

Infection of 26-30-year-old saplings in-

creased to 30% in lightly infested stands

(stand DMR0. 1-1.5) and to over 65% in both

moderately and severely infested stands

(Table 1). Generally, infection continued to

increase as sapling age increased (Table 1).

A total of 14 infected saplings under 26

years old were sampled. These saplings were
in severely infested stands, were over 1.4 m
in height, had high crown ratios (greater than

0.70), or were in stands with over 740 saplings

per ha. Many of these 14 saplings had more
than one of the above factors contributing to

their infection potential.

Percent infection and mean DMR for

saplings demonstrated the same pattern for

height classes as for age classes (Tables 1, 2).

Little infection (10% or less) was found in

saplings less than 1.4 m in height, except in

the most severely infested stands, where we
found 27% infection in saplings 1.09-1.4 m
tall. However, saplings over 1.4 m in height

had much higher infection levels (percent

infection) and intensities (mean DMR) than

smaller saplings (Table 2).

Discussion

Wicker (1967), Wicker and Shaw (1967),

and Mathiasen (1986) discussed several of the

factors influencing the infection of young trees

by dwarf mistletoes, including duration of ex-

posure to inoculum, amount of inoculum,

target area, density of regeneration, and re-

moval of seeds by wind, snow, and other envi-

ronmental factors. Infection of susceptible

N'oung trees is largeK influenced b\ a complex

interaction of the above factors. Nhithiasen

(1986) presented information on the influence

of exposure dination to inoculum (as ex-

pressed 1)\ tree age), amoimt of inoculum (as

expressed by stand DMR), and regeneration

density (as expressed b\' number of saplings

per ha). Additional information is reported



1990] DWAKl" Ml.SI LKIOI', IM'KCIIOX 69

T.\B1,K 1. Iiiii'c'tioii ol Doiitila.s-lii- sai)liiiiis l)\ at;e cla.ssfs and .stand DMK classt'.s.



70 R. L. Mathiasen etal [Volume 50

old in lightly infested stands, the removal of

severely infected overstory trees will signifi-

cantly reduce the potential for infection of

new and advance Douglas-fir regeneration.

The age at which Douglas-fir regeneration

becomes infected by dwarf mistletoe in the

Southwest contrasts sharply with results re-

ported for other tree species and regions.

Weir (1918) found that the average age of 50

naturally infected Douglas-fir seedlings, used

for assessing the effects of dwarf mistletoe on

seedling growth in the Northwest, was 18

years. Hawksworth and Graham (1963) found

very little infection in lodgepole pine (Piuus

contorta Dougl. ex Loud.) reproduction un-

der 10 years old, but infection increased

markedly in older stands: 9%at age 15, 18%at

age 20, and 32% at age 25. Some infection of

ponderosa pine (Pinus ponderosa Laws.) by

southwestern dwarf mistletoe {Arceuthobium

vaginotum subsp. cnjptopodiim [Engelm.]

Hawksw. & Wiens) has been foimd in 10-year-

old seedlings (Gill and Hawksworth 1954,

Hawksworth 1961). Based on these findings

for pines, Johnson and Hawksworth (1985)

recommended that mistletoe-infected resid-

ual trees be removed before the young stand

is 10 years old. However, the results of this

study indicate that for southwestern Douglas-

fir the infected overstory trees could be left

for up to 20 years because of the very slight

chance of infection.

There is less published data for the relation-

ship of regeneration height and dwarf mistle-

toe infection, but the general recommenda-
tion is that mistletoe-infected residual trees

should be removed before the yoiuig stand is

0.9 m tall (Johnson and Hawksworth 1985).

Graham (1960) found that dwarf mistletoe

infection in Douglas-fir increased as size class

increased in northern Idaho: Only 15% of the

saplings sampled by Graham were infected,

whereas 25 and 39% of the small and large

poles, respectively, were infected. Hawks-
worth (1961) reported that 19% of the pon-

derosa pines in the 2.54-cm-diameter class

were infected in stands infested by southwest-

ern dwarf mistletoe in northern Arizona, but

infection increased to 57% in the 12.7-cm-

diameter class. Ghilds (1963), working in the

Pacific Northwest, found that uninfected

ponderosa pines averaged 1.5 and 1.1 m in

Graham did not spccih tlic diaiiictfrs ol tlu' si.

height in lightK and heavily mistletoe-

infested stands, respectively, and infected

pines averaged 2.3 and 2.0 m in the same
stands. Scharpf (1969) reported that only

7%of true firs under 0.9 m tall were infected

in severely infested stands in California but

that infection intensified rapidly in taller

regeneration. The residts of infection of

Douglas-firs by height classes reported here

indicate that little infection can be expected

until the trees reach heights greater than

1.4 m in the Southwest.

Because these findings have important

implications in managing dwarf mistletoe-

infested stands, similar studies should be con-

ducted for other dwarf mistletoe-host combi-

nations in other regions of the western United

States. The results show that the generally

accepted recommendation that infected over-

story pines and true firs be removed before

the young stand is 10 years old or 0.9 m tall

is more restrictive than need be for Douglas-

fir in the Southwest, where little infection

occurred in stands under 20 years old or less

than 1.4 m tall.
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